This study was designed to evaluate possible side effects on liver and kidney functions and haematological indices, associated with long-term intravenous (IV) administration of flunixin meglumine in healthy dogs. For this purpose, 12 dogs were divided into 2 equal groups. Group I was intravenously given flunixin meglumine at the dose of 1.1 mg/kg/day for 5 days and group II received 2.2 mg/kg/day IV for 5 days. Blood samples were withdrawn before treatment (day 0), 2 h post injection on each day of treatment and one day after the last injection for biochemical (glucose, sodium-Na, potassium-K, chloride-Cl, creatinine, urea, alkaline phosphatase-AP, alanine amino transferase-ALT and total protein) and haematological (bleeding time, coagulation time, red blood cell, white blood cell, platelet count, differential leukocyte count, haematocrit and haemoglobin) analyses. Faecal and urine samples were collected on the same days as blood samples for the presence of any abnormalities. The results revealed a significant increase in bleeding (P < 0.001) and coagulation time (P < 0.001) and a decrease in platelet count (P < 0.001) in both groups. There was also a significant increase in the concentration of Na and Cl in group I and an elevation in AP (P < 0.001), ALT (P < 0.001) and glucose (P < 0.001) in group II. Blood in urine and faeces was also evident in both groups. The results may suggest that the dose of 1.1 mg/kg IV for 5 d does not cause any significant side effects provided that no bleeding disorder exists, and the dose of 2.2 mg/kg IV for 5 d should not exceed 3 d as liver enzymes began to increase significantly afterwards.
Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used in veterinary and human medicine in the management of pain and inflammation associated with infectious or non-infectious conditions (McK ellar et al. 1991a; Lees et al. 1991; Watson et al. 1996; Lees et al. 2000) . Their therapeutic and side effects are due to the inhibition of cyclooxygenase enzyme (COX), resulting in the blockade of eicosanoids synthesis involved in central pyresis, pain perception, tissue inflammation and pre-aggregation (Lees et al. 1991; McKellar et al. 1991a; Lees et al. 2000) . Although NSAIDs have beneficial effects as antipyretic, analgesic, antiinflammatory, antiendotoxaemic, antithrombic, anticancer and chondroprotective agents (Lees et al. 2000) , their effect is offset by undesirable side effects on various organs especially the gastrointestinal tract (Rubin 1986; D o w et al. 1990; McKellar et al. 1991a) .
Flunixin, an aminonicotinic acid derivative of carboxylic acid group of NSAIDs, reversibly inhibits COX and is thus a potent inhibitor of synthesis of prostaglandins and thromboxanes. It possesses, like other NSAIDs, similar beneficial and side effects (Rubin 1986; D o w et al. 1990; McK ellar et al. 1991a; Lees et al. 1991; Lees et al. 2000) . Flunixin has been found to reduce haemodynamic changes effectively in endotoxemic dogs (Stegelmeier et al. 1988; Bot toms et al. 1983) and to increase survival of dogs with septic peritonitis (Hardie et al. 1985a ). It has also been used as an analgesic (Reid and Nolan 1991) and in the symptomatic and supportive treatment of musculoskeletal disorder and osteoarthritis (McK ellar et al. 1991a; Jones and Budsberg 2000) .
Flunixin has been reported to induce gastrointestinal ulcerations and nephrotoxicity (Stegelmeier et al. 1988; D o w et al. 1990; McKellar et al. 1991a; Elwood et al. 1992; McNeil 1992; Vonderhaar and Salisbury 1993) . It is likely that the duration of exposure to the drug to induce a toxic effect is as important as the dose administered. Therefore, the recommended dose rate is 1.0 or 1.1 mg/kg body weight (bw) for 3 d followed by a four-day rest period (McK ellar et al. 1989; McKellar et al. 1991a) . However, severe conditions may require higher dosages and longer duration of treatment. This necessitates satisfactory knowledge on possible side effects associated with long-term administration of flunixin.
Studies to date have mainly focused on pharmacokinetics and pharmacodynamics of flunixin meglumine (Hardie et al. 1985b; McK ellar et al. 1989; McKellar et al. 1991b; Brideau et al. 2001) . The toxic effect of the drug in dogs has been dealt with in a limited number of studies (D o w et al. 1990; Stegelmeier et al. 1988 ) and they usually come out of either clinical case reports (Elwood et al. 1992; McNeill 1992; Vonderhaar and Salisbury 1993) or studies in which endotoxemic dogs were used (Bottoms et al. 1983; Stegelmeier et al. 1988) .
This study was therefore designed to determine the side effects, especially on liver and kidney functions and haematological parameters, associated with long term intravenous injection of two different dosages of flunixin meglumine, 1.1 mg/kg and 2.2 mg/kg bw, IV, for 5 d, in healthy dogs.
Materials and Methods
The study involved 12 healthy dogs of different breed, age, sex, and body weight (between 10 and 30 kg). Prior to the experiment, all dogs were subjected to thorough clinical and laboratory examinations, dewormed and then observed for up to 2 weeks for any clinical signs. The dogs were housed in individual cages, and water and food were provided ad libitum both during the observational and the experimental period.
Experimental design
Animals were divided into 2 equal groups. In group I (n = 6), animals were intravenously (IV) given flunixin meglumine (Finadyne®, Sanofi-DIF, Turkey) at the dose of 1.1 mg/kg/day, for 5 d, and group II (n = 6) received 2.2 mg/kg/day IV, for 5 d.
Blood samples were withdrawn from the left lateral saphenous vein into the plain and EDTA-treated test tubes on each day 2 h post injection and one day after the last injection for haematological and biochemical analyses. Faecal and urine samples were also collected on the same days as blood samples. Faecal samples were collected from the rectum. Urine samples were taken using a sterile bladder catheter. Blood, urine and faecal samples were also collected before the administration of flunixin meglumine (day 0) to serve as control or baseline values.
Clinical examinations
All animals were clinically examined for any disorder on each day of the experiment. Daily rectal temperature (T), respiratory rate (RR) and heart rate (HR, beats/min) were measured.
Biochemical analyses
Blood samples collected for biochemical analyses were centrifuged at 3000 g for 5 minutes, and serum was separated and stored at -20 0 C until analyses. Biochemical analyses included the measurement of glucose, sodium (Na), potassium (K), chloride (Cl), creatinine, urea, alkaline phosphatase (AP), alanine amino transferase (ALT) and total protein. Analyses of glucose, total protein, urea, ALP and ALT were carried out on Boehringer PHOTOMETER 5010 autoanalyser (Mannheim, Germany), using commercial kits (Diasis Diagnostic Systems, Istanbul, Turkey). Na, K, Cl and creatinine measurements were determined by Moduler-900 (Roche Diagnostics, Mannheim, Germany) using commercial kits (Roche Diagnostics, Mannheim, Germany)
Haematological analyses
Haematological analyses were performed immediately after blood sampling. Two mililitre of EDTA-treated blood was used for determination of total Red Blood Cell (RBC), White Blood Cell (WBC), Differential leukocyte, Platelet count, Haematocrit (Ht) and Haemoglobin (Hb). RBC, WBC and thrombocytes were counted by haemocytometric methods using Thoma slide. Differentiation of leukocytes was made on direct observation with a microscope (Konuk 1981) . Hb concentration was determined on spectrophotometer at 546 nm. Ht was determined by microhaematocrit methods (Konuk 1981) . Bleeding time was determined as follows: ears of the dogs were punctured by a blood lancet (KIP Blood lancet, Guangdong Medicines and Health Products, Guangzhou, China), and the ear was touched with filter paper (Selecta No. 589, Germany) every 30 seconds until no blood stain was seen on the paper (Konuk 1981; Willard et al. 1989 ). This method was deliberately chosen not to cause distress in animals. To determine coagulation time, blood was taken from right lateral saphenous vein into the plain microhaematocrit tubes, 75 mm long and 1.1-1.2 mm inner and 1.5-1.6 outer diameter (Superior, Germany), and the tubes were broken off every 30 seconds until the coagulation was achieved (B oddie 1969).
Values superscripted with a are significantly higher than the values superscripted with b in the same row (*P = 0.001; **P < 0.001). Day 0 refers to control values Analyses of Urine and Faeces Faecal samples were collected from the rectum of each dog for occult blood using Benzidin HCl test (Boddie 1969) . Urine samples were examined using test strips (Combur 10 Test, Roche Diagnostics, Mannheim, Germany). Macroscopic and microscopic examination of urine were also made.
Statistical analysis
Values are expressed as means ± SD and were compared using ANOVA and Tukey's test for post-injection comparisons. All analyses were done on MINITAB 12.1 (Minitab Inc., Pennsylvania, USA). Significant difference was set at P < 0.05. No attempt was made to compare the groups since baseline values obtained for some parameters, though falling within the normal range, differed greatly.
Results

Clinical examination
All dogs survived the experimental period with no obvious clinical signs. Temperature, respiratory rate and heart rate were within the reference values in both groups (Table 1) .
Biochemical findings
Blood chemistry analyses of the groups revealed a significant increase in the concentration of Na (P < 0.001) and Cl (P < 0.001) in group I. Na concentrations of d 4 and 5 were significantly higher than the concentrations of d 0, 3 and 6. The levels of chloride obtained on d 4, 5 and 6 were significantly greater than the levels of d 0 and 3 (Table 2) . (Table 2) . No significant changes were noticed in other parameters examined in both groups (Table 2 ).
Haematological findings
There was a statistically significant decrease in platelet count (P < 0.001) and a significant increase in the duration of bleeding (P < 0.001) and coagulation (P < 0.001) time when compared with baseline values in both groups. The changes in other haematological parameters were non-significant (Table 3) Urine and faecal findings
The analyses of urine samples revealed no significant changes in urine pH and density in both groups however test strips were positive for blood on day 2 and 3 in group I and II respectively. Positive results for urine protein and leukocytes were obtained on d 3 in both groups and they remained positive throughout the experimental period. Microscopic examination of urine sediment revealed no abnormalities apart from few 
-negative, + positive, Day 0 refers to control values leukocytes and erythrocytes (Table 4) . Macroscopic examination of the urine revealed no changes. Occult blood test for group I was positive for 3 dogs on d 2 and for all dogs on d 3 and it remained positive throughout the study. In group II, positive results were obtained on d 3 for 3 dogs and for all dogs on d 4 and thereafter (Table 5) .
Discussion
This study evaluated the effect of prolonged intravenous injection of flunixin in healthy dogs on liver, kidney and haematological parameters. Statistical comparison between the groups was not made. However, the comparison within the groups revealed significant increase in bleeding time, coagulation time and a decrease in platelet count in both groups. These findings are in agreement with the side effects reported for flunixin and NSAIDs at large (M c K ellar et al. 1991a; Lees et al. 2000) . Flunixin inhibits thromboxane A 2 , a potent stimulator of platelet aggregation and vascular smooth muscle contraction, essential components of coagulation, resulting in increased bleeding and coagulation time (McKellar et al. 1989; M c K ellar et al. 1991b; Lees et al. 2000) . Another reason for this is thrombocytopenia (Willard et al. 1989 ) that was also the case in this study. There was a significant decrease in the number of platelets. There is a controversy in the literature as regard to the platelet count. M c K ellar et al. (1989 and 1991b) found the platelet count within normal range while Hardie et al. (1985a) found a decrease in the platelet count in septic dogs whose treatments involved flunixin meglumine. Decreased platelet count may be attributed to the external bleeding that was also evident in urine and faeces in this study. However, the changes in other haematological parameters examined were not significant.
The presence of blood in faeces in this study is also in accordance with other reports (McKellar et al. 1989; D o w et al. 1990 ). This is a normal finding for dogs not receiving any medication (McKellar et al 1989; McKellar et al 1991b) . However, the presence of the occult blood was a consistent finding after the 3rd and the 4th day of experiment in group I and II respectively. This may suggest that occult blood in faeces may have arisen from a bleeding due possible to gastrointestinal ulceration associated with flunixin administration which is well documented (D o w et al. 1990; Vonderhaar and Salisbury 1993) .
Increase in ALT level in the dogs of group II may suggest a hepatic damage as ALT is mainly released by hepatocytes in dogs (Willard et al. 1989) . As the duration of flunixin administration increased the concentration of the ALT also increased. However, even the highest concentration obtained in this study fell within the normal range reported for dogs (Kaneko et al. 1997) . Drug administration in general such as salicylates and flunixin is reported to cause elevation in ALT level (Willard et al. 1989; Taylor et al. 1994 ). This may also reflect a mild hepatopathy, if any. AP increase was also within the reference ranges (Kaneko et al. 1997) . AP elevation should be three times more than the normal value in order to be indicative of any pathological changes in the liver (Willard et al. 1989 ). However, the increase was two fold of the baseline values and it was only significantly high on the last day of experiment in this study.
Elevation in glucose concentration has been associated with NSAIDs administration (Willard et al. 1989) . The mechanism by which glucose increase is induced, remains unclear. The levels obtained for glucose in this study were also within the reference ranges (Willard et al. 1989; Kaneko et al. 1997) .
Na and Cl increase in group I may indicate an electrolyte imbalance. Prostaglandin inhibition in the kidney results in decreased blood flow and increased Na retention (Rubin 1986; Jones and Budsberg 2000) . This may explain the elevation of Na and Cl concentrations. It may also be a chance finding as the elevation in Na and Cl was not seen in group II. These values were also within the ranges normally expected for dogs (Willard et al. 1989; Kaneko et al. 1997) .
Urine density and pH were semi-quantitatively determined using test strips which may not reflect the accurate values but other parameters, evaluated for possible nephrotoxicity were normal. Non-significant changes in creatinin and urea levels indicate the absence of nephrotoxicity associated with flunixin administration (Reid and Nolan 1991; Elwood et al. 1992) . Reports indicate that NSAIDs do not induce an adverse effect on the renal functions in healthy individuals (Rubin 1986; Jones and Budsberg 2000) . Presence of leukocytes and erythrocytes may be due to a pathological event in bladder due possible to the catheterisation.
The parameters examined, except for bleeding and coagulation time and platelet count, were all within the reference range normally expected for dogs (Willard et al.1989; Kaneko et al. 1997 ). This study may therefore suggest that flunixin administered at a dose of 1.1 mg/kg IV for 5 d does not cause significant changes in the liver and the kidney provided that no bleeding disorder exists. However, caution should be exercised when the dose of 2.2 mg/kg is given IV. For the first three days of the experiment, the increase in ALT, AP and glucose concentrations were not significant but the values obtained on the last day of the experiment were significantly higher than the baseline and d 3 values. This may suggest that intravenous injection of 2.2 mg/kg should not exceed 3 days.
Vliv prolongované intravenózní aplikace flunixin megluminu na zdravé psy
Cílem pfiedkládané práce bylo zhodnotit pfiípadné vedlej‰í úãinky na funkci jater, ledvin a hematologické ukazatele zdrav˘ch psÛ po dlouhodobé intravenózní (i.v.) aplikaci flunixin megluminu. Za tímto úãelem bylo 12 psÛ rozdûleno do dvou stejnû velk˘ch skupin. Ve skupinû I byl flunixin meglumin podáván intravenóznû v dávce 1.1 mg/kg/den po dobu 5 dnÛ. PsÛm ve skupinû II byla aplikována dávka 2.2 mg/kg/den rovnûÏ intravenóznû po dobu 5 dnÛ. PsÛm byly pravidelnû odebírány vzorky krve -pfied zahájením první aplikace (den 0), kaÏd˘ den 2 h po provedené aplikaci a den po poslední aplikaci. Vzorky krve slouÏily jednak pro biochemické vy‰etfiení [glukóza, sodík, draslík, chlór, kreatinin, urea, alkalická fosfatáza (AP), alanin -amino transferáza (ALT) a celkové bílkoviny] a jednak pro hematologickou anal˘zu (krvácení, rychlost sráÏlivosti krve, poãet ãerven˘ch krvinek, poãet bíl˘ch krvinek, poãet krevních destiãek, diferenciální poãet leukocytÛ, hematokrit a hemoglobin). Vzorky trusu a moãe byly odebírány v t˘chÏ dnech jako vzorky krve a slouÏily pro sledování jak˘chkoliv odchylek. Na základû získan˘ch v˘sledkÛ byl zji‰tûn signifikantní vzestup krvácivosti (P < 0.001) a sráÏlivosti krve (P < 0.001) a pokles poãtu krevních destiãek (P < 0.001) v obou sledovan˘ch skupinách. RovnûÏ byl zji‰tûn signifikantní vzestup koncentrace sodíku a chlóru ve skupinû I a v elevaci AP (P < 0.001), ALT (P < 0.001) a glukózy (P < 0.001) ve skupinû II. V obou sledovan˘ch skupinách byla zji‰Èována krev v trusu a moãi psÛ. Z uveden˘ch v˘sledkÛ lze pfiedpokládat, Ïe dávka 1.1 mg/kg aplikovaná i.v. po dobu 5 dnÛ nezpÛsobuje Ïádné vedlej‰í pfiíznaky, nebyly zji‰tûny Ïádné krvácivé stavy. Dáv-ka 2.2 mg/kg i.v. podávaná po dobu 5 dnÛ mûla za následek signifikantní vzestup jaterních enzymÛ, a proto by podávání této dávky nemûlo pfiesáhnout období 3 dnÛ.
